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■■Sir 



y^yM' y^ld of th « invention 



This locution relates to fatty acid production from 
microorganisms. In particular, this invention relates to 1-he 
use of obligately or facultatively marine eukaryotic 
microorganisms grown heterotrophically and the production of a 
group of highly polyunsaturated fatty acids known as Omega- 3 
oi n»3 fatty acids. 



10 Background Infonaatlon 

The biosynthesis of fats and oils by microbes such as 
yeasts, bacteria, molds, and algae, is well established, and 
inventors have devised ways of optimizing the growth 
conditions for this biosynthesis. For example, yeasts or 

15 molds in mixed culture with bacteria and grown on mixtures of 
carbohydrates or hydrocarbons under aerobic fermentation 
conditions were found to produce numerous amino acids plus, in 
some cases, unspecified oil and fat. (O.S. Pat. No. 
3,793,153). The disclosure of this reference and all others 

20 cited herein are hereby incorporated by reference. Yeasts 
such as Candida and Rhodotorula also produce single-cell 
protein and undifferentiated lipid from vegetable 
carbohydrates including starch (U.S. Pat. No. 4,230,806). 
Onder aerobic conditions Candida tropicalis produces 

25 unsaturated dicarboxylic acids having 14 to 22 carbon atoms 
from unsaturated fatty acids or their esters (O.S. Pat. No. 
4,474,882). Numerous yeasts dramatically increase their 
production of 1, 3-disaturated-2-unsaturated triglycerides, a 
predominant component of cacao butter, under high oxygen 
30 fermentation conditions in a growth medium containing one or 

more fatty acids having between 10 and 20 carbon atoms. (O.S. 
Pat. No. 4,485,173). Rhodococcus rhodochrous (formerly 
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S pfrcardla aurantla ) synthesiaes hydroxy-fatty acids and 

^||ftkato«f««ty acids, such W;iO«*ydroKy«12-octadacanolc acid and 
'^:tp»bydr©«fatarlc acid, under aerobic conditions by hydration 
... of unsaturated fatty acida such as linoleic and oleic acid, 
il[^$^^raap«*ivaly. (0.8. Pat. So. 4,582,804). Methods have also 




been devised to Increase oil production and recovery froa 



. ^haiophllic algae soch aa Dunaliella by growing the cells 
photoaynthetically in a saline solution with a growth 
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IJf^K promoting enzyme and oaing water insoluble solvent extraction, 
itt The oils obtained had a carbon and nitrogen content similar to 

crude oil and were apparently saturated fatty acids and wax 
W^'."' r'escers. (U.S. Pat. Ho. 4,341,038). 

Although the inventors of the cited patents and other 
investigators have determined ways to obtain and optimize fat 

15 and oil production froa certain microorganisms, none of these 
methods produces polyunsaturated fatty acids, and, in 
particular, they do not yield the highly polyunsaturated fatty 
acids designated Omega-3 ot n-3 fatty acids. The 0mega-3 and 
0mega-6 fatty acids are the two principal classes of 

20 polyunsaturated fatty acids. The 0mega«3 (or n«3) fatty acids 
have the first unsaturation (double bond) at the third carbon 
from the methyl (or Omega) end of the fatty acid, and the 
Omega- 6 (or n-6) fatty acids have the first unsaturation at 
the sixth carbon from the methyl end of the molecule. - The 

25 0mega»6 fatty acids, such as linoleic acid, are common 

components of vegetable oils, such as corn oil. The microbial 
production of linoleic acid by culturing fungi of the 
Pellicularia genus has been elaborated (U.S. Pat. No. 
4,281,064). 



3q The Omega-3 fatty acids are prominent components of some 

fish oils, although they are not synthesized by the fish but, 
instead, appear to be absorbed from their diets. These highly 
polyunsaturated fatty acids have been shown effective in 
humans in preventing or remedying cardiovascular disease and a 

35 pumber of auto-immune diseases, such as arthritis. They 



appear to be an eeaeatial nutrient, although an earlier 
feraaatation proceea of the prokaryotic streptoayces organiaas 
(U.f^**ti *o. 3,127,315! produced a hypocholoatarolemic agent 
referred to as M-850, it is clear f roa tha extraction 
procedures uaed that thia agent is not ralatad to tha 0aega*3 
fatty acids or thair action, 

V The focus of aedical reeearch on tha fatty acida has bean 
principally on two of the Omega-3 fatty acida, 
eicoaapentaenoie acid (BPAi a 20-carbon fatty acid having 5 
onaaturationa) and docosahexaenoic acid (DBAs a 22-carbon 
fatty acid having 6 unaatu rat ions), although others of this 
class nay prove to be important. It ia widely recognised that 
the principal dietary sources of these chemical moieties for 
fish are photosynthetic algae and microalgae. The use of the 
marine microalga, Chlorella minutlssima , to produce Omega-3 
fatty acids phot oau tot rophically has been the subject of 
recent patents (U.S. Pat. No. 4,615,839 and Jap. Pat. Disci. 
No. Sho-61-63624). A process for preparation of 
eicosapentaenoic acid from linolenic acid using enxymes from 
microalgae and macroalgae also has been described (Jap. Pat. 
Disci. No. Sho-61-31092). 

In contrast, no method has been described heretofore to 
produce Omega-3 fatty acids from microbes that are grown 
hete rot rophically, using as a nutrient a sugar, carbohydrate, 
or other source of »*pre-f ormed* carbon. Although a process 
for cultivating the freshwater microalga Chlorella 
mixotrophically on lower fatty acids to aid in disposing of • 
organic wastes (U.S. Pat. No. 3,444,647) was developed, no 
product description is provided, and this species does not 
produce Omega-3 fatty acids. 

Summary of Invention 



This invention comprises use of certain heterotrophic and 
autotrophic eukaryotes grown hete rot rophically to produce 



lipid that contains Oaega-3 fatty aeida as prominent 
coaatltoenta, and in uee of this lipid or ita conatitutonta in 
nutritional eupplementsi ia food* for huaens and othar 
aniaala, including aqoacoltorad apaciaai and in druga and 
pharaaceutlcala. «o prokaryote la known to eyatheeise Omega-3 
fatty adds. Bokaryotic aynthaaia baaad oa autotrophic growth 
of phot oayntho tie aicroalgaa praaanta problaaa of light and 
nutrient provision that iapair oconoaic production. Tha 
inventor has determined that obligately or facultatively marina 
eukaryotes, including but not Halted to fungi, 
thraeatochytrida, aicroalgaa (in particular, diatoms and 
ainoflagellatea), and yeasts produce high concentrations of 
docosahexaenoic acid and eicosapentaenoic acid when grown 
under heterotrophic growth conditions. Obligately freshwater 
(aquatic) heterotrophic eukaryotes do not appear to produce 
these chemicals. 

Conventional sources of Omega-3 fatty acids are oils from 
such fish as salmon, anchovies, sardines and menhaden. These 
fish oils in the unrefined form contain cholesterol. 
Depending on the environment and diet of the fish, these fish 
oils may also contain heavy metals and synthetic organic 
chemicals such as poly chlorinated biphenyls (PCB's), 
polybrominated biphenyls (PBB's), dieldrin and aldrin. In 
addition to these disadvantages, the fish oils have an 
unpleasant fishy odor and taste. It is a further advantage of 
this invention to provide lipids containing Omega-3 fatty 
acids that are not contaminated with heavy metals or 
undesirable synthetic organic chemicals. The invention also 
provides Omega-3 fatty acid products that do not have a strong 
fishy odor and taste. 

Detailed Description of the Invention 

This invention represents that selected heterotrophic 
eukaryotes that are either halo-tolerant or halophilic, when 
cultured, cultivated, or fermented in a salt-containing medium 



or om containing natural or artificial aeawater, will produce 
0ms ga »3 fatty acids. Including bot not limited to 1PA ana DBA* 
faa a significant percentage of total lipid. Furthermore, the 
as* of sach microorganisms yialda a lipid fraction that is 
useful aa a nutritional supplement! as a food additive in 
margarines, cooking oils, salad dressings, baked products, 
infant nutritional formulas and adult ontaral nutritional 
formula*} as a skin cars product or cosmetic! as a drug or ' 
pharmaceutical* as a component of an intravenous, parenterally 
administered fluid; and as an animal or aquaculture feed or 
feed additive. The high levels of 0mega-3 fatty acids 
produced by these marine eukaryotes grown heterotrophically 
are unique. Prokaryotic microorganisms generally do not 
produce these fatty acids. Although photosynthetic, 
autotrophic eukaryotes do synthesize the Omega- 3 fatty acids, 
the rates of growth of these organisms and their production of 
the fatty acids under photosynthetic growth conditions are 
significantly less than when heterotrophic eukaryotes are 
cultivated heterotrophically. Specific heterotrophs 
appropriate for use in this invention include, but are not 
limited to: the thraustochytrids, Thraustochvtrium roseum and 
T.^aureum ; the phycomycetes fungi, Pythlum sp . and 
Schisochvtrium aggregatum i the diatom, Nitzschia sp .; and the 
dinoflagellate, Crypthecodinlum cohni . These species are 
maintained in the American Type Culture Collection and the 
algae culture collection of the University of Texas at Austin. 

The 0mega-3 fatty acids appear to be produced only by 
marine microorganisms or by halophilic or halo-tolerant 
species. Thus, in the preferred embodiment, either seawater, 
an artificial seawater, or other saline solution is used as 
the solvent in the culture medium. The complete medium is 
referred to as a saline culture medium. The carbon source in 
this saline culture medium may be a relatively simple 
carbohydrate source, for example, glucose, sucrose, mannose, 
or molasses, or, if slower cultivation is permitted, vegetable 
fibers such as grasses or bagasse. 



After inoculation of tht nIIm culture medium with the 
selected eokaryotle microorganisms, the medium is incubated 
under conditions favorable £ or ' heterotrophic growth of the | 
■icroorganlea. Extract iona of the coltora ara accomplished by 
solvent extraction using a mixed organic solvent and standard 
techniques. This invention will be more clearly onderstood by 
references to the following illustrative examples , which are 
not to be construed aa Halting the inventions 

EXAMPLE 1 

Pure cultures of the thraustochytrids, yeasts* fungi, or 
aicroalgae are inoculated into liquid media of successively 
larger volumes starting at 100 ml and staging up to larger 
cultures. A saline culture medium is prepared by mixing 1.0 g 
of glucose with 0.1 g yeast extract in 1000 ml of aged 
seawater. The amount of glucose can be increased to 5 g and 
the pa in the preferred embodiment is adjusted to between 7 
and 7.5. The cultures are grown for two weeks at 
approximately 25 to 28' C. to facilitate heterotrophic growth. 
Growth vessels are either shaken with rotary shakers or magne- 
tically stirred. The species may be grown either 
unilluminated or illuminated with moderate light, even though 
the organisms are growing heterotrophically. Harvesting is 
carried out by centrif ugation or freeze drying. 

These microorgansims may be extracted in the wet state 
directly after harvesting or in the freeze dried state, using 
a mixture of non-polar and polar organic solvents consisting 
of methanol, chloroform, and water in the proportions 2:1:0.8. 
The solvents are mixed with the microorganisms and allowed to 
stand for 1/2 to 3 hours. After this period, additional 
chloroform and water are added to yield a solvent ratio of 
2:2:1.8 of methanol, chloroform, and water. The chloroform 
layer contains the total lipid fraction, which is comprised of 
a sufficiently high concent rat io.n_-.of_ Omega- 3 fatty acids to be 
useful in nutrition and med icine . 



%Th« procedures followed in Example 1 are used, except 
thai the saline culture medium is composed of 1 to 5 g 
glucose, 1 g yeast extract, and 1 9 peptone lis 1 liter of 
seewater. The pB is adjusted to between 7 and 7.S. 

. ~* •a*:. - ' : ' 

Example 3 

• The procedures followed in Example 1 are utilised, except 
that "n artificial seawater base is prepared for this saline 
culture medium. This consists of 2.5 9 NaCl, 0.5 9 MgS0 4 . 
7B 2 0, 0.1 9 KCl, 0.01 9 KH 2 P0 4 , 0.02 g CaC0 3 and sufficient 
H 2 S0 4 to dissolve the above compounds. To this solution, 
(NB 4 ) 2 S0 4 is added in the amount of 0.02 g, along with 0.2 
with 0.2 g NaB-glutamate, 0.1 g Agar, 1.0 ug Thiamine-HCI , 0.1 
ug Cyanocobalamin, 5.0 mg Na 2 eDTA, and the trace metals 0.05 
mg PeSO 4 .7H 2 0, 0.02 mg ZnSO 4 .7H 2 0, 0.01 mg MnSO 4 .H 2 0, 2.0 ug 
CoSO 4 .7H 2 0, 0.2 ug CuSO 4 .5H 2 0, 2.0 ug H 3 B0 3 , 2.0 ug NaMo0 4 .B 2 0 
with sufficient distilled water to yield 100 ml of solution. 
To this is added 0.1 to 0.5 g glucose or other sugar, 0.01 g 
NaBC0 3 , and the pB is adjusted to between 7 and 7.51. — 

Example 4 

The media and procedures employed in any of the above 
examples are used except that the cultures are exposed to 
light of moderate intensity. Heterotrophic growth of certain 
marine eukaryotes, such as the thraustochytrids, is enhanced 
under such conditions. 

Example 5 

The media and procedures employed in any of the above 
examples are used except that additional limited quantities of 
available N and P (such as 0.085 g NaN0 3 and 0.012 g NaB 2 P0 4 ) 
are added to the saline culture medium. Heterotrophic growth 
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of cartain nrlM aukaryotas, such as tha aicroalgae, is 
anhaocad in this aadioa. 



**** 



W^-h: ... Tha saaplaa harvastad froa tbasa axaaplaa prodoea lipid 
^^^^|r£ractioaa containing OaagaO fatty acida. Aftar axtractloa ; • 
and astarif ication to form tha aathyl esters, gas 

.^..jmr.\ chroasitographic analyaaa show that tha Omega- 3 fatty acids may 
tL*k*!&- constA ^ ut# as atach as 10 to 50% of tha total fatty acid 
fraction. They are generally contained in phospholipids , 
glycolipids, mono-, di», or triglycerides, and sulfolipids, or 



Wmm 



_10 ; •* thm free acids* but ara not limited to these forms. 



what is claimed 1st 

1. A process of as log heterotrophically grown obligately or 
facultatively marine eukaryotic microorganisms as a 
soorcs for tho prodaetion of Omega-3 (n-3) fatty acids. 

2. I A process according to claim 1, wher»in the marine 

' eokaryotic microorganism is selected from the group * 
. consisting of ihraustochytrids, lower fungi* yeasts, 
and microalgae. 

3. ... A process for the production of Omega-3 (n«3) fatty acid 

products from obligate ly or facultatively marine 
eukaryotes, comprising the steps oft 

(a) inoculating a saline culture medium containing 
a carbon source with marine eukaryotic 
microorgansims; " 

(b) incubating the inoculated saline culture medium 
under conditions conducive to heterotrophic 
growth of the marine eukaryotic microorganisms; 

(c) harvesting the marine eukaryotic microorganisms 
from the saline culture medium; an<4 

'v/ 

II 

(d) extracting the lipid fraction from the 
harvested marine eukaryotic microorganisms. 

4. A process according the claim 3, wherein the saline 
culture medium comprises seawater. 

5. A process according to claim 4, wherein the carbon source 
comprises glucose. 



6. A process according to claim 4, wherein the conditions 

conducive to heterotrophic growth comprise a pa of from 7 
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•10. % 

to 7.3 and a temperature o£ 25 to 28* C. 



7.' "; *V procaaa according to claim 3, wherein tha salina 

culture medium comprises an artificial eeawater baaa. 



'S. A procaaa according to clal« 7, wherein tha carbon aourca 
\ ; X: compriaee glucose. . 

9. A procaaa according to claim 7, wherein tha conditiona 

conducive to hatarotrophic growth compriae a pH o£ from 7 
.to 7.5 and a tamparatura of 25 to 28* C. 



10. A procaaa according to claim 3, wherein the conditiona 
conducive to heterotrophic growth comprise exposure to 
light of moderate intensity. 



11.. A fatty acid product comprising an Omega-3 (n»3) fatty 
acid extracted from a heterotrophically grown, 
obligately or facultatively marine, eukaryotic 
15 microorganism culture. 

12. The fatty acid product of claim 11, wherein the fatty 
acid product may be used as a nutritional additive to the 
diet of humans. 

13. The fatty acid product !>f claim 11, wherein the fatty 
20 acid product may be used as a pharmaceutical product. 

14. The fatty acid product of claim 11, wherein the fatty 
acid product may be used as a skin care or cosmetic 
product. 



25 



15. The fatty acid product of claim 11, wherein the fatty 
acid product may be used as an animal feed additive. 



